While personality traits have been linked concurrently to health status and prospectively to outcomes such as mortality, it is currently unknown whether traits predict the diagnosis of a number of specific diseases (e.g., lung disease, heart disease, and stroke) that may account for their mortality effects more generally. A sample (N ¼ 6,904) of participants from the Health and Retirement Study, a longitudinal study of older adults, completed personality measures and reported on current health conditions. Four years later, participants were followed up to see if they developed a new disease. Initial cross-sectional analyses replicated past findings that personality traits differ across disease groups. Longitudinal logistic regression analyses predicting new disease diagnosis suggest that traits are associated with the risk of developing disease-most notably the traits of conscientiousness, neuroticism, and openness. Findings are discussed as a means to identify pathways between personality and health.
Personality traits are important psychological predictors of health (Hampson, 2012) . Associations between personality and health hold across decades, as childhood personality traits predict selfrated health in middle age (Hampson, Goldberg, Vogt, & Dubanoski, 2007) . Furthermore, these findings extend beyond selfreports of general health to objective markers of health such as physician-rated health (Chapman, Lyness, & Duberstein, 2007) , biomarkers of health (Hampson, Edmonds, Goldberg, Dubanoski, & Hillier, 2013) , and longevity (Jokela et al., 2013; Kern & Friedman, 2008; Roberts, Kuncel, Shiner, Caspi, & Goldberg, 2007 ). Yet few studies examine the relationship of personality traits with the onset of specific diseases. This oversight is unfortunate, given that uncovering whether personality influences disease onset informs the processes by which traits influence health and longevity (Chapman, Roberts & Duberstein, 2011) . This study examines this pathway by testing whether personality traits serve as a risk factor for the onset of various diseases using a large longitudinal sample of older adults.
While a few studies have examined the association between Big Five traits and disease, it is unclear to what extent personality traits serve as risk factors for the onset of many diseases. This oversight is problematic, given that understanding how personality traits influence specific diseases, rather than health broadly, can inform the search for the mechanisms by which personality influences health outcomes. For example, if a trait predicts a respiratory disease (e.g., emphysema) but not a cardiovascular disease (e.g., heart attack), that trait is more likely to influence health through smoking than eating behaviors. However, if the trait affects both, it likely works through a pathway shared by these diseases, for example, exercise. Thus, identifying the distinct outcomes predicted by personality traits narrows the potential pathways through which traits operate.
Previous studies that examine the relationship between personality and disease are limited by at least three factors. First, the relationship between traits and disease onset has been investigated in only a small number of diseases, often with conflicting results. For example, neuroticism has been identified as a potential risk factor for cancer (Eysenck, 1985) , though other studies have failed to replicate the association (e.g., Shipley, Weiss, Der, Taylor, & Deary, 2007) . While a small number of recent studies are beginning to link personality traits with diseases including metabolic syndrome (Sutin, Ferrucci, Zonderman, & Terracciano, 2011 ), Alzheimer's disease (Wilson, Schneider, Arnold, Bienias, & Bennett, 2007) , and heart disease (Booth-Kewley & Friedman, 1987) , there is a dearth of studies that examine the most common and costly diseases, including stroke and diabetes.
A second impediment is that previous studies fail to include a broad range of personality traits. Traditionally, personality-health research has relied on single typologies, for example, Type A, to link personality with disease onset (e.g., Matthews, 1988) . In contrast, recent research finds utility in using the Big Five traits of conscientiousness and neuroticism, given that they evidence the strongest links with health measures across studies (Hampson, 2012) . The strong associations, however, have led researchers to concentrate on these traits at the expense of the other Big Five personality traits, given the cost and benefit ratios associated with large-scale studies (e.g., Nakaya et al., 2010) . This is a potentially unfortunate omission as all of the Big Five traits are associated with health (Chapman, Roberts & Duberstein, 2011; Miller, Smith, Turner, Guijarro, & Hallet, 1996; Turiano, Spiro, & Mroczek, 2012) .
A third and perhaps the most troubling aspect of previous studies of personality and disease is that most studies use cross-sectional designs and thus cannot distinguish between personality traits as risk factors or as by-products of the disease. For example, one cross-sectional study found that coronary heart disease, pulmonary disease, and high cholesterol were related to higher level traits associated with neuroticism (Yousfi, Matthews, & Schmidt-Rathjens, 2004) . Similarly, the best example of a study, to our knowledge, that examines both all the Big Five personality traits and a large number of diseases used a cross-sectional design (Goodwin & Friedman, 2006) . This study examined data collected through the Midlife Development in the United States survey, a large, nationally representative survey of persons aged 25-74 years and found that adults who have a major disease differ in personality from those without (e.g., experiencing stroke is associated with lower levels of conscientiousness). At least three interpretations are possible from these findings. Personality traits may influence the onset of disease and constitute a true prospective relationship, where traits serve as risk factors for disease. Or, personality differences may emerge after the onset of a disease and represent a by-product of the disease (e.g., Duchek, Balota, Storandt, & Larsen, 2007) rather than a risk factor. Finally, a third variable may explain both disease onset and trait levels. To better understand how personality traits predict important outcomes such as health, longitudinal analyses are needed.
This study addresses these limitations by using a longitudinal sample of older adults to test whether the Big Five traits predict the onset of a number of common diseases. We start by attempting to replicate past work on the concurrent associations between personality and disease (e.g., Goodwin & Friedman, 2006) and then examine the prospective relationship between personality traits and disease onset to demonstrate the differences between designs. Concurrent analyses likely inflate the magnitude of the relationship between personality traits and disease, as they include both effects on health and effects on personality; therefore, we hypothesize that while personality traits will predict the onset of certain diseases, the association will be smaller than suggested by previous cross-sectional studies (e.g., Goodwin & Friedman, 2006) . The seven common diseases available in the Health and Retirement Study (HRS) were assessed, namely high blood pressure or hypertension, diabetes, cancer, lung disease, heart disease, stroke, and arthritis. These diseases are especially important, as they are each responsible for a great deal of monetary expense and emotional distress. Furthermore, these diseases differ in their causal processes and thus inform the common or unique pathways by which personality traits influence disease.
Given that conscientiousness and neuroticism are among the most frequently connected to health outcomes more broadly, we expect these traits will prove the strongest concurrent and longitudinal predictors of disease outcomes (Hampson, 2012; Sutin, Zonderman, Ferrucci, & Terracciano, 2013; Weston & Jackson, in press) . Furthermore, openness is likely associated with the onset of disease, given the recent association between openness and longevity .
Provided that personality traits are associated with the onset of disease, we expect trait-specific relationships with certain outcomes, based on whether the causes of the disease are closely associated with the behaviors and cognitions associated with that trait. For example, diseases most affected by health behaviors (e.g., diabetes and stroke) should be predicted by conscientiousness, given the trait's strong relationship with health behaviors (Bogg & Roberts, 2004) . On the other hand, diseases associated with autoimmune functioning (e.g., arthritis; Goronzy & Weyand, 2007) and cardiovascular issues will be better predicted by neuroticism, as negative affect weakens the body's defenses (Smith, 2006) .
Method Participants
Data were taken from the 2006 (the first year personality traits were administered) and 2010 (the most recent follow-up) waves of the HRS, a nationwide study of aging American adults (Juster & Suzman, 1995; Roberts, Jackson, Duckworth, & Von Culin, 2011) . To guard against the possibility that participants have an undiagnosed disease and may be inappropriately categorized as healthy, participants were included only if they completed a psychosocial questionnaire during the 2006 survey and if they had responded 1 or more to, ''How many times have you seen or talked to a medical doctor about your health, including emergency room or clinic visits in the last 2 years?'' Out of the 25,760 total participants, 6,904 met these criteria (59% female; M age ¼ 68.4, SD ¼ 11.0). Personality scales were included in self-administered questionnaires, which participants returned by e-mail. The response rate for the self-administered questionnaires was 74%. Ethnicity was 83% White, 13% African American, 2% Hispanic, and 2% other. For the analyses, ethnicity was coded as Caucasian ¼ 1, other ¼ 0. Participants reported their marital status as married or not married.
Measures
Personality was assessed in 2006 with the Midlife Development Inventory personality scales (Lachman & Weaver, 1997) , where adjectives are used as markers of the Big Five personality traits. Participants rated themselves on 5 items for extraversion, agreeableness, and conscientiousness each; 4 items for neuroticism; and 7 items for openness on a 4-point rating scale, indicating how well each adjective described them (1 ¼ not at all, 4 ¼ a lot). Responses were averaged to create a score on each trait. The scales have good construct validity (Hill, Turiano, Mroczek, & Roberts, 2012) and adequate levels of a reliability for a short measure (a ¼ .75, .78, .66, .71, and .79, respectively) . Correlations between the personality traits, disease status, and the control variables are displayed in Table 1 .
Health measures were collected in both 2006 and 2010 through telephone interviews. All specific disease measures collected by the HRS were included in the analyses, with the exception of specific cardiovascular diseases, which were included in the ''heart condition'' category. Participants were asked, ''Has a doctor ever told you that you have [specific illness]?'' Illnesses were high blood pressure or hypertension; diabetes or high blood sugar; cancer or a malignant tumor, excluding minor skin cancer; a chronic lung disease, such as chronic bronchitis or emphysema; a heart attack, coronary heart disease, angina, congestive heart failure, or other heart problems; a stroke; and arthritis or rheumatism. Answers were compared to responses in previous waves to assess the onset of a new disease. Responses were coded as either yes (1) or no (0).
The samples for each set of analyses differed slightly: for the cross-sectional analyses, all participants were used, and those who reported having the illness in 2006 were coded as ''Disease Present,'' while those who reported not having the illness were coded as ''Disease Absent.'' For the sample sizes of each group, see Table 2 . For the longitudinal analyses, only participants who were previously coded as ''Disease Absent'' in 2006 and reported in 2010 that they saw a doctor between 2006 and 2010 were examined, so as to determine whether personality traits predict the onset of the disease in 2010. For the longitudinal analyses, samples ranged in size from 2,224 to 5,770 participants. Illnesses more likely to occur (e.g., high blood pressure) have smaller initial samples, while illnesses less likely to occur (e.g., cancer) have larger initial samples. Likelihood of disease diagnosis also differed across disease category. For sample sizes and new cases for each illness in the longitudinal analyses, see Table 3 . Of the 6,904 participants who provided disease data in 2006, 1,046 did not in 2010. Of those, 703 participants died before 2010. However, participants who did not provide a second wave of data did not differ in any personality traits or demographic variables, with the exception of age (for specific analyses regarding attrition, please view Supplemental Table 3 on this journal's website).
Analyses
First cross-sectional analyses were conducted to allow for comparisons to previous research. For these analyses, t-tests were used to test the difference in each trait between those with and those without each chronic illness in 2006. Cohen's d values and 95% confidence intervals are reported for each difference in personality between those and those without each disease. Additionally, binary logistic regressions determined how each trait was associated with the likelihood of having been diagnosed with a specific disease; odds ratios (ORs) estimated from these regressions are presented in Table 2 .
For the longitudinal analyses, we considered only the set of participants who reported not having the specific disease diagnosed during the interviews in 2006. Binary logistic regression analyses determined how each trait predicts the likelihood of being diagnosed with each chronic illness over 4 years. All analyses control for age, gender, race, and marital status. While disease diagnosis was collected through self-report, there was 
Results
The relationships between personality traits and control variables are presented in Table 1 . Women were more extraverted, agreeable, conscientious, and neurotic than men. Older adults were less extraverted, conscientious, neurotic, and open than younger adults. Married individuals were more conscientious, open and emotionally stable than nonmarried individuals. Table 2 displays the concurrent associations between each personality trait and each chronic disease. Nearly, every test of personality differences between individuals with a disease and those without proved statistically significant. Overall, high conscientiousness, extraversion, openness, agreeableness, and low neuroticism were associated with better health or absence of disease. Together, these analyses suggest a strong relationship between personality and disease.
Longitudinal models were next examined to determine the predictive ability of each trait on disease diagnosis. Separate logistic regression models were fit for each trait to estimate the odds of being diagnosed with the illness between 2006 and 2010. To ease interpretation, logistic regression estimates were transformed into ORs, which can be interpreted as the change in odds of being diagnosed with the disease if their trait standing increased by one unit. Preliminary analyses indicate that sex and age were significant predictors of the onset of nearly every disease. Women were shown to have a greater risk of an arthritis diagnosis (OR ¼ 1.74) and a decreased risk of heart condition, diabetes, stroke, and cancer diagnoses (ORs ranging from .61 to .81) compared to men. Age was significantly positively associated with the diagnosis of all diseases except diabetes and lung disease (ORs for the statistically significant models ranged from 1.01 to 1.05). Overall, disease diagnosis was normally distributed over age (see Figure 1) . Interactions between age and personality were also examined. ORs ranged from .98 to 1.02, with only one significant effect, suggesting that there is no moderating effect of age on the relationships described subsequently. Table 3 displays the relationship between personality traits and disease diagnosis, as well as the ORs associated with those effects, after controlling for all of our covariates. Consistent with our expectations, conscientiousness lowered the risk for several common illnesses. A one unit (SD ¼ 2.08) increase in conscientiousness decreases the odds of a stroke diagnosis by 37%. The left panel of Figure 2 indicates the effect of conscientiousness on the probability of a stroke diagnosis at different levels of conscientiousness. Similarly, a one unit increase in conscientiousness decreases the odds of a high blood pressure diagnosis by 27%, diabetes by 20%, and arthritis by 23%. Neuroticism, on the other hand, is associated with increases in the risk of being diagnosed with an illness. The right panel of Figure 2 shows the probability of a lung disease diagnosis at different levels of neuroticism. A one unit (SD ¼ 1.64) increase in neuroticism increased the odds of a heart condition diagnosis by 24%. Similar increases in neuroticism increased the odds of a lung disease diagnosis by 29%, high blood pressure by 37%, and arthritis by 25%. The remaining Big Five traits were also associated with the illness diagnoses, most notably the trait of openness. Similar to the cross-sectional analyses, the longitudinal analyses demonstrate that conscientiousness, neuroticism, and openness have associations with a variety of health outcomes, while agreeableness appears to have a more limited role. A one unit increase in openness decreased the odds of a stroke diagnosis by 31%, heart conditions by 17%, high blood pressure by 29%, and arthritis by 21%. Extraversion and agreeableness, on the other hand, showed fewer relationships with health outcomes. Whereas concurrent analyses show numerous associations for the trait of extraversion, longitudinal analyses find nearly no effect of extraversion on illness diagnoses. A one unit increase in extraversion decreased only the odds of a high blood pressure diagnosis by 26%. A one unit increase in agreeableness decreased the odds of an arthritis diagnosis by 21%. Numerous analyses increase opportunity for Type I error. However, using a Monte Carlo simulation generating random data for personality scores and disease status (based on the average intercorrelation of these variables), we determined the expected number of significant results out of 35 analyses as 1.76 (99% CI [0, 7] ), and the probability of finding 14 significant results is essentially 0, increasing our confidence that personality is associated with future disease diagnosis.
Discussion
This study found that Big Five personality traits prospectively predicted the diagnosis of multiple diseases in later life, such as having a stroke, being diagnosed with lung disease, and having a heart condition. These findings support the emerging consensus that personality traits play an important role in the health process (Chapman, Roberts, & Duberstein, 2011; Hampson, 2012) and constitute risk factors for major diseases. As predicted, high levels of conscientiousness were protective against the diagnosis of disease, while neuroticism was a risk factor. Additionally, openness to experience lowered the odds of being diagnosed with multiple diseases, suggesting it may have a greater effect on health than previously thought. By mitigating the limitations of cross-sectional designs, restricted outcomes, and focusing on specific Big Five traits, these results demonstrate the importance of traits in the development of disease during later adulthood.
These findings are consistent with recent studies that identify Big Five traits as risk factors for specific diseases (e.g., Wilson et al., 2007) . Interestingly, personality traits did not predict the diagnosis of cancer, one of the most pervasive diseases and a leading cause of death. This association replicates previous longitudinal analyses that find that neuroticism and extraversion do not predict the onset of cancer (Shipley et al., 2007) and extends this lack of relationship to the rest of the Big Five.
In addition to conscientiousness and neuroticism, the trait of openness predicted the onset of stroke, heart disease, arthritis, and high blood pressure. The association between openness and disease diagnosis is consistent with recent studies, which identify openness as protective in the health processes (Ferguson & Bibby, 2012). While future work needs to establish the mechanisms that link openness with health outcomes, it appears that this effect is not entirely due to the overlap between openness and intelligence . Two intriguing mechanisms that warrant further investigation: Openness may promote activity engagement (Jackson et al., in press) or more creative coping strategies to relieve stress (Connor-Smith & Flachsbart, 2007) ; and individuals high in openness may improve their health through better communication with their physicians (Eaton & Tinsley, 1999) .
While personality traits clearly are risk or protective factors for longevity and general health status, the mechanisms involved are only beginning to be examined (Hampson, 2012; Hill, Turiano, Hurd, Mroczek, & Roberts, 2011; Lodi-Smith et al., 2011; Weston & Jackson, in press) . A novel way to examine these mechanisms is testing the extent to which outcomes are predicted by multiple traits. Some diseases (i.e., lung disease and diabetes) were only predicted by one trait, indicating that personality traits do not impact all health outcomes similarly. These unique, single-trait associations can prove theoretically informative for locating the specific role of personality on disease onset; for instance, the association between conscientiousness and the diagnosis of diabetes points this trait's likely influence on health through promoting positive health behaviors, such as healthy eating and exercise (Bogg & Roberts, 2004) .
In contrast, most diseases did not evidence single trait associations, indicating that multiple health processes work in conjunction to influence the development of these diseases. For instance, one can consider the example of stroke diagnosis, which was predicted by both conscientiousness and openness. Risk factors for having a stroke include smoking, heavy alcohol consumption, lack of exercise, obesity, stress, and poor cognitive functioning (Boden-Albala & Sacco, 2000; Ferrucci et al., 1996) . Conscientiousness is associated with each of these behaviors (Bogg & Roberts, 2004) , suggesting that this trait's effects may be largely through behavioral mechanisms . Openness, in contrast, has a strong association with cognitive functioning and cognition-related activities that challenge the mind, unlike conscientiousness (Sharp, Reynolds, Pedersen, & Gatz, 2010; Soubelet & Salthouse, 2011) . Thus, openness is likely protective through cognitive pathways rather than behavioral. Together, these multiple trait associations with disease suggest multiple pathways to a particular disease, a point that warrants future research.
Comparisons of cross-sectional and longitudinal analyses also provide novel insights the relationship between personality traits and health. Levels of extraversion, conscientiousness, neuroticism, and openness differed between those with the disease compared to those without for most of the diseases examined, replicating previous large-scale study of personality traits and disease in a middle-aged sample (Goodwin & Friedman, 2006 ). Yet, the longitudinal findings suggest a far more limited role for personality factors and the onset of disease. Disparities across designs likely indicate the consequences the disease has on individuals' daily functioning. Unsurprisingly, major diseases such as the ones included in the study are quite debilitating as they influence one's ability to do daily tasks and constrain their social circles (e.g., Mayo et al., 1999; Zautra, Fasman, Parish, & Davis, 2007) and ultimately influence self-perceptions of personality. Thus, future research is needed to examine the consequences of health on personality development (e.g., Takahashi, Edmonds, Jackson, & Roberts, 2013) .
Despite the use of a large, longitudinal sample that assessed a number of diseases, this study is limited in ways that should motivate future research. First, collecting measures of personality earlier in the life span or across longer periods of time may further clarify the relationship between personality and health. Second, the age range of the sample limits generalizability to older adults. The influence of personality traits on health may accumulate with time; consequently, personality likely has a greater influence on disease onset in old age. Given that HRS participants are sampled to be representative of the population in the United States, we believe these results are likely to replicate in other representative samples of adults approaching retirement age in the United States, although it is not possible to know if the results would replicate in other age-groups or countries, or with other measures of personality. It should be noted that Goodwin and Friedman's (2006) previous study found similar crosssectional results to our own with a sample including younger adults. Another concern is that a disease may be present and impact personality before the official diagnosis. While possible, the reverse-causality hypothesis still suggests that personality traits are predictive risk factors or warning signs for disease onset, just as chest discomfort often precedes a heart attack. For some diseases in our study (e.g., stroke), there are no existing warning signs that emerge in this time frame; thus, identifying a link between personality and stroke (and, broadly and disease) is important regardless of causal direction. Finally, disease diagnosis was assessed through selfreport of whether a doctor had told the participant whether they had a particular disease. This may be problematic as neurotic individuals tend to be more vigilant of their health status (Goubert, Crombez, & Van Damme, 2004) , and conscientious individuals may be more likely to visit doctors more often (Jerram & Coleman, 1999) . However, previous associations between personality and objective markers of health such as mortality (e.g., Kern & Friedman, 2008; Roberts et al., 2007) clearly establish a link between personality traits and health, mitigating these worries. Future studies should explore the use of biomarkers of disease or medical records, for more accurate measure of health problems.
In sum, these findings are among the first to demonstrate that personality traits are not merely predictors of general health but also serve as risk factors for the development of a number of diseases. To this end, personality traits should be included in routine assessments by health professionals, insofar as they could identify individuals with greater risk for developing debilitating and costly illnesses. Additionally, these findings may help to uncover the potential pathways through which traits influence longevity, by pointing to mechanisms through which traits lead to those illnesses.
